Introduction {#sec1-0300060520919249}
============

Intrauterine umbilical cord vascular rupture is an uncommon event. Once umbilical cord rupture occurs, the fetus experiences blood loss in a short period of time. This situation may lead to acute ischemia and hypoxia in the fetus, and poor prognosis of perinatally.^[@bibr1-0300060520919249]^ In this study, we retrospectively analyzed the clinical data of eight patients with umbilical cord vascular rupture who had a singleton pregnancy. We also examined the diagnosis and treatment strategies for reducing adverse perinatal outcomes to improve clinical recognition and treatment capabilities.

Materials and methods {#sec2-0300060520919249}
=====================

Subjects {#sec3-0300060520919249}
--------

Patients with a singleton pregnancy with umbilical cord vascular rupture who were admitted to the Fujian Maternity and Child Health Hospital from January 2015 to March 2019 were included in the study. Ethical approval was obtained by Fujian Maternity and Child Health Hospital, Affiliated Hospital of Fujian Medical University. Patients who participated in the study provided verbal informed consent.

Research methods {#sec4-0300060520919249}
----------------

The clinical data of patients with umbilical cord rupture were collected, including age, times of gestation and parity, mode of conception, gestational age, onset of labor, vaginal bleeding, fetal heart rate, ultrasound results, amniotic fluid, delivery mode, pregnancy complications, the interval between the incident and actual delivery of the neonate, neonatal weight, the Apgar score, admission to the neonatal intensive care unit (NICU), pH of blood, hemoglobin values in the neonate, and placental pathology. Umbilical cord rupture-related factors, clinical features, and perinatal outcomes were retrospectively analyzed.

Statistical analysis {#sec5-0300060520919249}
--------------------

All statistical analyses were performed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). Quantitative data are expressed as mean ± standard deviation, and qualitative data are expressed as frequency or percentage.

Results {#sec6-0300060520919249}
=======

General information {#sec7-0300060520919249}
-------------------

A total of 66,858 women with a singleton pregnancy were admitted to the Fujian Maternity and Child Health Hospital. Umbilical cord rupture occurred in eight women. The incidence of umbilical cord rupture was 1/8370. The patients were aged 24 to 38 years with a mean age of 28.88 ± 4.97 years. Gravidity ranged from one to three times and parity from zero to one time. All eight neonates were naturally conceived.

Clinical characteristics, treatment process, and perinatal outcomes {#sec8-0300060520919249}
-------------------------------------------------------------------

The clinical characteristics and outcomes are shown in [Table 1](#table1-0300060520919249){ref-type="table"}. All eight (100%) cases had an abnormal fetal heart rate, two had vaginal bleeding, five had bloody amniotic fluid, five had premature rupture of the membranes, and two had placental abruption. No postpartum hemorrhage was found in these eight cases.

###### 

Clinical characteristics and outcomes of the eight patients with umbilical cord vascular rupture.

![](10.1177_0300060520919249-table1)

  Characteristics                               Case 1                 Case 2                                                                                                                                              Case 3                             Case 4                   Case 5                   Case 6                 Case 7                             Case 8
  --------------------------------------------- ---------------------- --------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------- ------------------------ ------------------------ ---------------------- ---------------------------------- --------------------------------------------------------------
  Gestational age (weeks)                       36^+2^                 31^+2^                                                                                                                                              39^+6^                             39^+5^                   39^+4^                   38^+3^                 38^+6^                             39^+1^
  Onset of labor                                No                     No                                                                                                                                                  Spontaneous parturient             Spontaneous parturient   Spontaneous parturient   Induction of labor     Induction of labor                 No
  Vaginal bleeding                              Yes                    No                                                                                                                                                  No                                 No                       No                       No                     No                                 Yes
  Fetal heart rate monitoring                   No fetal heart sound   Variable decele-ration                                                                                                                              Recurrent variable decelerations   Unclear                  Fetal tachy-cardia       Unclear                Recurrent variable decelerations   No fetal heart sounds
  Ultrasound detected abnormal cord insertion   No                     Vasa previa and abnormal amniotic fluid (see [Figures 1](#fig1-0300060520919249){ref-type="fig"} and [2](#fig2-0300060520919249){ref-type="fig"})   No                                 No                       Battledore placenta      No                     No                                 VCI (see [Figure 3](#fig3-0300060520919249){ref-type="fig"})
  Amniotic fluid                                Clear                  Bloody                                                                                                                                              Clear                              Bloody                   Clear                    Bloody                 Bloody                             Bloody
  Delivery mode                                 Vaginal birth          Cesarean section                                                                                                                                    Forceps delivery                   Cesarean section         Cesarean section         Cesarean section       Vaginal birth                      Vaginal birth
  Premature rupture of the membranes            No                     No                                                                                                                                                  Yes                                No                       Yes                      Yes                    Yes                                Yes
  Placental abruption                           No                     No                                                                                                                                                  No                                 Yes                      No                       Yes                    No                                 No
  Neonatal weight (g)                           2565                   1620                                                                                                                                                3600                               2950                     3950                     3560                   3245                               3080
  Apgar score                                   /                      9                                                                                                                                                   9                                  0                        10                       1                      2                                  /
  Perinatal outcome                             Stillbirth             Live birth                                                                                                                                          Live birth                         Stillbirth               Live birth               Neonatal death         Live birth                         Stillbirth
  pH value in the blood                         /                      7.23 (radial artery)                                                                                                                                /                                  /                        /                        7.17 (radial artery)   7.36 (cord blood)                  /
  Hb value in the neonate (g/L)                 /                      131                                                                                                                                                 /                                  /                        /                        60                     78                                 /

VCI: velamentous cord insertion; Hb: hemoglobin.

The cesarean section rate was 50% (4/8) and the rate of forceps delivery was 12.5% (1/8). Case two underwent cesarean section because the patient experienced rupture of vasa previa. Monitoring showed that the fetal heart rate was abnormal in cases four and five, and cesarean section was immediately performed. In case six, the fetal heart rate was unclear during induction of premature rupture of the membranes, then emergency cesarean section was initiated. With regard to the interval between the incident and actual delivery of the neonate, case two had a maximum of 57 minutes, case seven had a minimum of 5 minutes, and the remaining patients had approximately 10 minutes.

There were five live births. The rate of admission to the NICU was 60% (3/5). Case seven was discharged following interventions, including ventilator-synchronized intermittent forced ventilation and blood transfusion. After treatment, a premature infant of case two weighed 2500 g and the patient was then discharged. The neonate of case six died from severe asphyxia. There were three cases of stillbirths. Case one had 55 mL of prenatal vaginal bleeding and had stillbirth when transferred to our hospital. Case eight had velamentous cord insertion (VCI) and premature rupture of the membranes, and stillbirth occurred after prenatal vaginal bleeding. The perinatal mortality rate was 50% (4/8).

![Color Doppler image of case two suggesting that a blood vessel has traveled through the fetal membranes of the lower posterior wall of the uterus and across the internal ora of the cervix. The arrow shows the vasa previa.](10.1177_0300060520919249-fig1){#fig1-0300060520919249}

![Ultrasound image at 31 weeks and 2 days of gestation showing flocculated floating matter in the amniotic fluid in case two.](10.1177_0300060520919249-fig2){#fig2-0300060520919249}

![Color Doppler image of case eight shows umbilical cord insertion located in the fetal membranes on the left upper edge of the placenta at 24 weeks and 3 days of gestation. The arrow indicates that the umbilical vessels are traveling on the fetal membranes.](10.1177_0300060520919249-fig3){#fig3-0300060520919249}

Placental pathology {#sec9-0300060520919249}
-------------------

There were five (62.5%) cases of VCI. Among them, as mentioned above, case two had rupture of vasa previa with a diameter of 0.2 cm, and cases one, three, six, and eight had vascular rupture on the umbilical root. There were two cases of battledore placenta. In case four, vascular bifurcation of the umbilical root was attached to the placenta with no Wharton jelly on the surface, and there was umbilical vein rupture with a diameter of 0.2 cm ([Figure 4](#fig4-0300060520919249){ref-type="fig"}). Case five had vascular rupture on the umbilical root. Furthermore, in cases three and five, dark red hematocele with a size of 10 ×10 cm was observed between the amnion and the chorion. In cases four and six, blood clots were observed on the maternal surface of the placenta. Case seven had a 38-cm umbilical cord, which was eccentrically attached, and umbilical vein rupture with a diameter of 0.5 cm.

![Photograph of a placenta in case four. The blue arrow shows a 2.5-cm bifurcation of the umbilical vessel with no Wharton jelly on the surface. The red arrow shows umbilical vein rupture with a diameter of 0.2 cm.](10.1177_0300060520919249-fig4){#fig4-0300060520919249}

Discussion {#sec10-0300060520919249}
==========

Umbilical cord vascular rupture is a rare complication in obstetrics^[@bibr2-0300060520919249]^ and it is even less frequent in the antenatal situation.^[@bibr3-0300060520919249]^ In our study, the incidence of umbilical cord rupture in the past 5 years was 1/8370. Once umbilical cord rupture occurs, the perinatal mortality rate is up to 50%,^[@bibr4-0300060520919249]^ which is consistent with our result. Umbilical cord rupture tends to be a missed diagnosis or misdiagnosis in clinical practice, and it is often a retrospective diagnosis at postpartum. Therefore, early identification and active intervention are important for reducing perinatal mortality in this condition.

Factors for umbilical cord vascular rupture {#sec11-0300060520919249}
-------------------------------------------

Umbilical cord rupture is often secondary to abnormal umbilical cord insertion,^[@bibr5-0300060520919249]^ a short umbilical cord, and umbilical cord dysplasia. Our study showed that umbilical cord rupture secondary to VCI was present in 62.5% of patients.

VCI is an abnormal condition in which the umbilical cord inserts into the fetal membranes and the umbilical vessels traverse between the amnion and chorion before reaching the placenta. If the umbilical vessels cross the internal os in front of the fetus, this is diagnosed as vasa previa and divided into two types. In our study, case two had type one vasa previa, which is often found in VCI or a low-lying placenta.^[@bibr6-0300060520919249]^ Battledore placenta is where the umbilical cord has inserted at the placental margin with a distance of ≤2 cm. This may be accompanied by abnormal umbilical vessel bifurcation. Some umbilical vessels diverge before insertion into the placenta,^[@bibr7-0300060520919249]^ and are located under the fetal membranes,^[@bibr8-0300060520919249]^ as found in case four. When the umbilical vessels are unprotected by Wharton jelly, they are at risk of rupturing when the fetal membranes rupture, with labor, or when the umbilical cord is pulled.

When the umbilical cord is too short, descending of the fetal head during the stage of labor pulls the umbilical cord and leads to rupture of the umbilical vessels. In this study, the umbilical cord of case seven was relatively too short because of the umbilical cord around the neck. The cord was pulled and led to rupture of the umbilical vein, while weakening of the local vein wall cannot be ruled out. Lin et al. reported that segmental umbilical vein thinning caused umbilical cord vascular rupture.^[@bibr9-0300060520919249]^

Clinical manifestations {#sec12-0300060520919249}
-----------------------

Umbilical cord rupture often has no typical appearance or clinical manifestations, and is often characterized by disappearance of baseline variability of fetal heart rate, recurrent variable decelerations, late deceleration, tachycardia, bradycardia, or sine waves.^[@bibr10-0300060520919249],[@bibr11-0300060520919249]^ In this study, an abnormal fetal heart rate was found in all eight cases.

Umbilical cord vascular rupture may also be accompanied by vaginal bleeding, bloody amniotic fluid, or abnormal ultrasound images, but it lacks specific features. In this study, cases one and eight had vaginal bleeding and a poor prognosis, and both fetuses were stillborn. When the umbilical cord vascular ruptures and blood enters the amniotic fluid, bloody amniotic fluid is formed, and placental abruption may occur. The incidence of placental abruption is higher in VCI cases.^[@bibr12-0300060520919249]^ Flocculated floating matter can be observed in the amniotic fluid by color Doppler imaging.^[@bibr6-0300060520919249]^ If the outer amnion of the umbilical cord is intact, there is no bloody amniotic fluid. In our study, accumulation of blood between the amnion and the chorion was found in two cases with clear amniotic fluid.

Early identification and intervention {#sec13-0300060520919249}
-------------------------------------

A population-based study showed that abnormalities in umbilical cord insertion increased the risk of death in full-term infants by a factor of three and led to an increased risk of emergency cesarean delivery.^[@bibr13-0300060520919249],[@bibr14-0300060520919249]^ VCI cases with a low cord insertion site are strongly associated with variable decelerations, non-reassuring fetal heart rate patterns, and emergency cesarean section.^[@bibr12-0300060520919249]^ Another study showed that effective prenatal diagnosis of vasa previa and appropriate monitoring and delivery of such pregnancies can potentially contribute to reduce the overall rate of stillbirth by approximately 10%.^[@bibr15-0300060520919249]^

Identification and monitoring of umbilical cord insertion abnormalities have important clinical significance, especially for high-risk groups with placental morphological abnormalities, a low-lying placenta, multiple pregnancies, and *in vitro* fertilization embryo transfer.^[@bibr16-0300060520919249],[@bibr17-0300060520919249]^ Umbilical cord insertion should be evaluated from the second trimester. A transabdominal combined transvaginal color ultrasound scan of the lower uterine segment and the internal os should be performed for a better understanding of the vascular trajectory, and for improvement in the detection rate of vasa previa.^[@bibr18-0300060520919249],[@bibr19-0300060520919249]^ The condition in which the umbilical vessels are located within two centimeters from the internal os is considered as vasa previa.^[@bibr20-0300060520919249]^ The length of the cervical canal and the position of vasa previa should be reviewed every 2 weeks after the first diagnosis.^[@bibr18-0300060520919249]^

Some studies have suggested that there is still a potential risk of rupture of umbilical cord vessels when they are 2 to 5 cm close to the internal os.^[@bibr21-0300060520919249]^ For those with umbilical cord insertion in the fetal membranes at the lower edge of the placenta, the indication for cesarean section may be appropriately relaxed. Strengthened monitoring should be performed for women who have a willingness to have vaginal delivery, and electronic fetal heart rate monitoring is initiated when vaginal bleeding occurs. Women in whom there is an abnormal fetal heart rate and fetal survival should receive emergency cesarean section, and should be prepared for neonatal resuscitation and blood transfusion.

In our study, cases two, three, and five had pregnancy terminated in a timely manner. Therefore, their neonatal outcomes were good. However, in case one, attention was not paid to the diagnosis of abnormal umbilical cord insertion prenatally, and vaginal abnormal bleeding and fetal heart rate were not closely monitored, which resulted in perinatal death. Therefore, when abnormal umbilical cord insertion accompanied by vaginal bleeding or bloody amniotic fluid is found, and especially an abnormal fetal heart rate, obstetricians should be aware of the possibility of rupture of the umbilical vessels. The pregnancy should then be terminated in time and the perinatal outcomes will be good.

Limitation {#sec14-0300060520919249}
----------

A limitation of the study is that hemoglobin values of the neonate and pH values of cord blood were not measured in all pregnancies (intrauterine stillbirths were excluded).

Conclusions {#sec15-0300060520919249}
===========

More clinical attention should be paid to the prenatal diagnosis of abnormal umbilical cord insertion, and appropriate timing and the mode of delivery should be selected. Vaginal bleeding, amniotic fluid condition, and fetal heart rate should be closely monitored. When an abnormal situation occurs, obstetricians should be alert for rupture of the umbilical vessels. In some cases, placental abruption may accompany this condition. Termination of pregnancy as soon as possible can improve perinatal outcomes.

Authors' contributions {#sec16-0300060520919249}
======================

Each author has made an important scientific contribution to the study and has assisted with drafting or revising the manuscript.

Declaration of conflicting interest {#sec17-0300060520919249}
===================================

The authors declare that there is no conflict of interest.

Funding {#sec18-0300060520919249}
=======

This work is support by the Startup Fund for Scientific Research, Fujian Medical University (Grant number: 2018QH1191).

ORCID iD
========

Zhaozhen Liu <https://orcid.org/0000-0003-0248-5665>
